Report No. CDOT-DTD-R-98-3 


1997 HBP QC For Pay Pilot 
Projects With Void Acceptance 


Bud A. Brakey, P. E. 

Colorado Department of Transportation 
Construction and Materials Branch 
4201 East Arkansas Avenue 

Denver, Colorado 80222 


Interim Report 
May, 1998 


Prepared in Cooperation with the 
U.S. Department of Transportation 
Federal Highway Administration 


FORM APPROVED 
OMB NO_0704-0188 


REPORT DOCUMENTATION PAGE 


Public reporting burden for this collection of information is estimated to average ] hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed , and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 


d enw jon Proiect bington, DC 2950 


Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budect, Paperwork Reduction Proies 04-0188), Wa 
1. AGENCY USE ONLY (ewe Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED 
May, 1998 Interim Report 1997 


4, TITLE AND SUBTITLE $. FUNDING NUMBERS 
1997 HBP QC For Pay Pilot Projects with Void Acceptance 
6. AUTHORS(S) 
Bud A. Brake 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


CDOT-DTD-R-98-3 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(S) 
Colorado Department of Transportation 


4201 E. Arkansas Ave. 
Denver, Colorado 80222 


9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(S) 
Colorado Department of Transportation 


4201 E. Arkansas Ave. 
Denver, Colorado 80222 


11. SOPPLEMENTARY NOTES 


Prepared in Cooperation with the U.S. Department of Transportation, Federal 


10. SPONSORING/MONITORING 


AGENCY REPORT NUMBER 


CDOT-DTD-R-98-3 


Highway Administration 


12a DISTRIBUTION/AVAILABILITY STATEMENT 


12b. DISTRIBUTION CODE 


13. ABSTRACT (Maximum 200 words) 


CDOT’s first two HBP projects using contractors’ quality control (QC) tests as basis of payment. QC tests for 
void analysis were required. Two levels of verification were used: Results of random split samples (VT’s) by 
the contractor and by CDOT were compared. Contractor VT’s were compared to QC results. Comparisons 
were by statistical F-test and 7-test. Conclusions: Contractors VT sets were within limits. The procedures 
used are workable. QC tests with statistical verification can bu used for pay. The number of VT’s to QC’s 
can safely be 1 out of 8. Give more weight to air voids - less to VMA in pay calculations. Consider voids 
filled with asphalt when making changes in the job mix formula. Implementation: Use F-test & 7-test to 
verify that contractor’s QC tests for pay are accurate and unbiased. Give more weight to AV and less to VMA 
in composite PF formula. More training is required for industry and CDOT on volumetric property testing 


Consider effects on VFA when making field changes in the job mix formula. 


F-test, T-test, Verification, Testing, Volumetric, Acceptance, Voids, VMA, VFA, Quality Level, Analysis 
20. LIMITATION OF ABSTRACT 


Tolerances 


17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 


OF REPORT OF THIS PAGE OF ABSTRACT 
nela nela 


1997 HOT BITUMINOUS PAVEMENT QC FOR 
PAY PILOT PROJECTS, WITH VOID ACCEPTANCE 


TABLE OF CONTENT 


Background of QC for Pay and Void Acceptance ............ 
The OC for Pay Pilot Specification .......... 2c cee een ene 
The 1997 Pilot QC for Pay Program .........2.-..2 ccc eee eees 
Summary and Analysis of the 1997 OCFP Data .............. 
The F-test and t-test Procedures .............0 ec cere eeee 
Reducing the Ratio of Verification Tests to QC Tests 

Experiment to Verify Critical Probability Limits ........ 


CONCLUSIONS 2... ccc cece ee ew ee ee ec ew eh rte ee te ete ee eee 


Revisions of Sections 105 & 106 (Pilot Specification )... 


Page ili 


1997 HOT BITUMINOUS PAVEMENT QC FOR 
PAY PILOT PROJECTS, WITH VOID ACCEPTANCE 


BACKGROUND OF QC FOR PAY AND VOID ACCEPTANCE 

CDOT began their quality control and quality assurance (QC&QA) program for hot bituminous 
pavements (HBP) in 1992 when they began a three-year pilot program. It was essentially completed in 
1994, but a few projects were held over and completed in 1995. The Pilot specification computer 
software was designated QPM 1“. also, the term used herein to identify that series of projects. In 1994 a 
revised, updated specification, designated as QPM 2) was written. It was used on several projects 
completed in 1995 and all regular HBP projects completed in 1996 through 1998. Reports have been 
written for each of the six QC&QA years °° ®), 1992 through 1997, and are available from the CDOT 


library. 


A long-range goal of the QC&QA program was to base contract payment on Contractors’ QC tests. After 
five years in the program, most involved personnel believe QC tests reliably reflect the quality of 
construction, just as CDOT’s QA tests do. This being the case, QC tests should be satisfactory for pay 
calculations. Where used for pay, QC tests must be randomly verified by CDOT to assure they are 
accurate and unbiased. By adopting QC tests for pay, a reduction in CDOT field testing should be 
possible. On Federal Aid projects, regulations permit QC for pay (QCFP), provided certain guidelines are 
met. In 1996, a concerted effort was made by CDOT and industry people, with support from FHWA 
representatives, to develop a pilot QCFP specification for HBP. 


During the period, 1992 to 1996, many rapid changes were taking place in asphalt pavement mix design 
and construction technology. CDOT committed to keep up with technology changes. They concentrated 
on two major advances: (1) Adoption of the Superpave (spy? mix-design procedure and (2) Voids 
acceptance (VA) of field mixtures based on the laboratory volumetric properties during construction. 
Under VA, asphalt content and in-place density remains as acceptance elements, but field acceptance of 
gradation is dropped. A pilot VA program began in 1992, and by 1996, nine projects had been completed 
(10) and reported. Three more were completed in 1997 and reported (11) At the end 1996, only five SP 
projects had been completed, including three VA/SP projects. In 1997, 44 of 57 QC&QA jobs advertised 
for bid were full SP projects, including performance graded (PG) asphalt cement and SP aggregate 
grading designations. 


While developing the pilot QCFP specification (in late 1996), some CDOT engineers wanted to combine 
the three technologies, QCFP, VA and SP design, into a single pilot specification. Industry members and 
others expressed concern over this approach, fearing this would introduce too many new things at once. 
Contractors, and private laboratories, were just beginning to get SP compactors and had yet to do any 
significant amount of field control testing for VA. Until then, CDOT did all field testing for voids 
properties on VA projects. Their tests were being used for plant control and acceptance. CDOT was just 
completing the switch from the Texas Gyratory to the SP compactor for mix design. Under the QCFP 
concept, for the first time, contractors would be required to make QC tests for voids properties. In 
addition, the new SP lab compactor would be specified along with PG asphalts and SP gradations. 
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CDOT, with assistance from industry, addressed the various concerns and wrote a pilot QCFP 
specification (Exhibit 1, attached) for the 1997 construction season. Standard QC&QA HBP 
specifications © were modified to make QC tests (instead of CDOT acceptance) the basis of payment for 
the usual three elements, asphalt content, in-place density and gradation. Contractors have plenty of 
experience making QC tests on these three elements and did not foresee problems here. However, they 
were concerned about doing percent air voids (AV) and voids in the mineral aggregate (VMA) tests for 
pay. This stemmed from their lack of familiarity with SP and VA test procedures. CDOT addressed _ this 
in the pilot by not assessing disincentive payments for Pay Factors of less than 1.0 for voids properties. 
Adjustments were required to bring properties within acceptable limits, however. As motivation, a 
special incentive pay formula, based on quality level analysis (QLA) of VMA and VA, was included. 


THE QCFP PILOT SPECIFICATION ~*~ 

CDOT’s standard QC&QA specifications ®) have stringent requirements for the contractors’ QC 
program. The QCFP pilot maintained these requirements. In addition, a procedure was included for 
verification testing to assure QC tests would correctly represent the work. During development of the 
QCFP specification, plenty of discussion took place about the number of CDOT verification tests to be 
taken in relation to the number of QC tests. To avoid duplication of effort, only the absolute minimum 
number of verification tests should be taken. However, in this first effort, the ratio of CDOT tests to QC 
was kept high for a greater level of confidence and to provide more data for post construction analysis. 


Under QC&QA specifications, all contractor and CDOT tests are randomly selected. For this pilot, one 
verification test (VT) is randomly selected by CDOT from each defined element strata (from the 
stratified random sampling schedule). Each VT is split and tested by the contractor and CDOT (for in- 
place nuclear density, the same spot is tested by each) and reported to the engineer. The sampling ratio of 
VT to QC ranges from 1:1 for in-place density, to 1:3 for gradation and voids properties, to 1:7 for 
asphalt content. 


Standard statistical F-test and t-test procedures (12) are used to verify that the various sets of test results 
are statistically similar within defined probabilities. The F-fest provides a method for comparing the 
variances (standard deviation [SD] squared) of two sets of data. Differences in means are evaluated by 
the t-test. Comparisons in the field are continuous, as results became available. 


CDOT developed a spreadsheet computer program that does the calculations and provides the results as 
test results are entered accumulatively for each element. Two sets of test values from the same process 
obtained by nearly identical procedures will usually have different means and standard deviations. Such 
differences can be by random chance alone. The program calculates means and variances, then 
determines the probabilities that the two sets of data are tested by the same procedure. Large probability 
numbers, up to 100%, show good agreement in sampling and testing procedures on similar materials. 
When probabilities are low (1% or 0.5%) that the differences are not by random chance, flawed 
procedures may have been used in obtaining one or both data sets. If this happens, specified actions are 


required by the engineer. 
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The F-test and ¢-test are used to compare contractor VT’s with CDOT VT’s on running five-sample 
splits. As a check testing program, the first five VT pairs are compared and must be acceptable before 
the work can continue. If not acceptable, the check testing phase continues, after corrective actions, until 
the evaluation shows acceptable results. Two levels of probabilities are used, 5% or less warns of 


potential problems and 1% or less, requires corrective actions. 


During routine production, the contractor’s VT’s are compared with the rest of the QC tests from which 
the VT’s were randomly selected. Again, two levels of probabilities are used, 5% or less gives a warning, 
0.5% or less, is not acceptable. A running, accumulated calculation is made for information, but the 
acceptance decision is made only when all tests have been completed. If the comparison is acceptable, 
the contractor is paid, incentive or disincentive, based on quality level analysis (13) (QLA) of all QC tests 
(including contractors’ VT’s). If they are not acceptable, payment is based on CDOT’s VT results. 


THE 1997 PILOT QC FOR PAY PROGRAM 

Initially, CDOT hoped that each region would let two QCFP projects for the 1997 season. After further 
evaluation, management determined that SP adoption had the highest priority and efforts would be 
concentrated there. However, to start the QCFP program, Region 6 volunteered two projects. 


The projects, (1) 1 25, Hampden - South, and (2) Colorado Boulevard, Mississippi Avenue to Martin 
Luther King Boulevard, were let to contract and completed by fall. A single contractor, Kiewit Western 
Company was the successful bidder on both projects. This report summarizes the data provided by the 
contractor and CDOT field personnel. Particular emphasis has been placed on areas where the greatest 
concerns were expressed during development of the QCFP pilot. 


The QCFP program will pause for 1998. It is expected to resume ir 1999 under a revised QCFP 
specification (now being written) that will incorporate the three technologies referred to above, namely 
QCFP, VA and SP. In 1998, the VA pilot program (using full SP) will continue at an increased rate under 
a revised specification, now in use, (see Reference 11, Exhibit 1) that closely parallels QPM 2. This 
specification requires full QC testing for volumetric properties. As with previous VA projects, field 
acceptance testing of aggregates is not included. However, QC sieve analysis testing and reporting are 
required by the contractor, but not for pay. The specification evaluates four elements by QLA. PF’s are 
calculated by the same formulas as in QPM 2. As in the previous VA pilots, the element “W” factors are 
0.1 for AC%, 0.4 for density, 0.2 for VMA and 0.3 for AV. The QPM 2 “W” factors are 0.3 for AC%, 
0.5 for density and 0.2 for gradation. “W” is a relative weighting factor applied to the element PF’s when 
calculating the item composite PF. 


SUMMARY AND ANALYSIS OF THE 1997 QCFP DATA 

The first page of Table 1 separately lists the field data from the two projects. Columns headings identify 
data in rows across from the listings at left. Celis are shaded if not applicable. Data is not available where 
“NA” shows. Elements in each process are grouped with the normal QPM 2 elements listed first, 
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followed by AV and VMA, as pay elements. Percent voids filled with asphalt (VFA) has been added for 


information. 


The SP procedure by CDOT includes VFA with a design parameter of 65-75 for medium-to-heavy 
traffic. Not specified for the projects, but used here to calculate QL, was a target of 70 and a tolerance of 
7.0. CDOT has elected not to specify VFA as field acceptance criteria, because it is redundant. VFA = 
[(VMA - AV)/VMA] x 100. It is controlled by adhering to the target of 4% air voids and the specified 
minimum VMA. AV and VMA have a linear relationship to VFA. Figure 1 shows this where the VMA 
target is 14.0 (lowest design target allowed for grading S) and the AV target is 4.0. For these targets, if 
production is controlled such that the PF is maintained at 1.0, or higher, (“n” = 15), there is only a slight 
possibility of VFA being outside the recommended range. The effect of varying or maintaining AC% is 
not shown in Figure 1. Field adjustments to the job-mix formula can easily cause VFA to rise above 75. 
For mix designs and checks, the Central Laboratory routinely calculates and reports VFA. In Table 1, 
VFA has been calculated and reported to aid in understanding the relationships and to show levels of 
field conformity to the design parameter. 


QL can only be calculated when “n” is three or larger, so in Table 1 it is not shown for processes with 
less than two tests. There are columns for PF’s for voids properties (special for these projects) and for the 
usual QPM 2 elements. The actual incentive/disincentive (I/D) dollars paid for the various process 
elements is shown; it is the combination of the two PF’s. Contractors’ code is used by CDOT to identify 
the various HBP contractors. Grading S (SP 3/4" nominal) was used on both projects. ”F” was added 
here to show the plotted grading curves were above the maximum density line. 


As stated above, if the contractor’s VT and QC tests do not compare within a probability of 0.5%, the 
process element PF must be based on CDOT VT’s. The CDOT QL’s are listed in Table 1 for comparison 
_to the QC QL’s. For both projects the weighted average CDOT QL for QPM 2 elements was 88.1, 
compared with the contractor’s 94.1. By CDOT, the I/D$ would have been close to zero, compared with 
$64,923 by the contractor’s QL. For voids properties, by CDOT, the I/D$ would have been about 
$25,000, compared with $18,205 by the contractor’s data. Contractor pay was almost $70,000 more thar. 
if based on‘CDOT tests. F and ¢ test results show the differences in means and SD’s, and consequently 
QL, could have occurred by random chance within the probability levels stated. Examination of element 
probabilities shows the lowest values, for contractor QC’s to VT’s, was for density on process No. 2, 
Project 11755 (See Table 1, Figure SS-1, and Figures 4 and 5). Values were 0.064 for F and 0.018 for z, 
close to the 0.5% critical value, but OK. 


Figure SS-* is a copy of the spreadsheet for the above process. Compare the SD’s and means. For the 
contractor and CDOT VT sets, the match is good (0.02 difference in SD’s and 0.05 in means). The 
match is not as good for the QC and contractor’s VT (0.19 difference in SD’s and 0.35 in the means), but 
the probabilities are acceptable. In this density process, the contractor’s verification test No. 11 was 89.7, 
more than 2 x V below the lower limit of 92.0. V is approximately one historical SD, and is 1.1 for 
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density. Any element test value more than 2 x V out of limits is made into a separate one-sample process 
and evaluated by a special formula. In Figure SS-1, this test has been removed from the process (also, the 
accompanying, CDOT split, which compared favorably). The spreadsheet is not shown with the test 
included, but Figure 2 graphically portrays the F probability curve with No. 11 included (where SD 
difference was 0.40). At test No. 20 the probability dropped to 0.005 and at No. 24 to below 0.001. 
Figure 4 is a plot of the F probability calculations from Figure SS-1 (without No. 11) and shows the 
dramatic difference in line slopes with the single Jow, outlying value removed, 


The second page of Table 1 has the processes grouped by elements, first those in regular QPM 2, and 
second, those associated with VA. A weighted average and total line is shown for each element. 
Summarized at the bottom of the page are the six elements for the two projects. Below that summary is a 
smaller box with information for QL, PF and I/D$. Shown, also, is comparable information from the 
1997 regular QPM 2 projects, the 1997 VA projects, and by the 1998 VA criteria. The I/D values in the 
Table 1 summary show that if the two QCFP projects had been evaluated under the 1998 VA formulas, a 
disincentive of $15,070 rather than an incentive of $83,127 would have been assessed. Also note that the 
Region 2 VA projects, by 1998 criteria, would have an incentive of $69,720 rather than $201,468. For 
the QCFP projects, the difference in pay is related to the special incentive PF’s for the VMA and AV 
(with no negatives), while the usual elements had higher QL’s than historical averages. For the Region 
2 VA projects, the difference is because the pay-factor formulas used (similar to QPM 1) were more 
favorable to the contractor than the QPM 2 formulas used in 1998 VA specifications. 


Table 2 has a more comprehensive array of data from the various type of HBP projects constructed since 
1992. It includes information on the number of tests, on SD, QL, PF’s by QPM 1 (or VA) and QPM 2. 
For QCFP, looking first at density, the SD is considerably below the QPM 2 averages, and the VA 
Superpave values. From Figures SS-1 and SS-5, it can be seen that CDOT’s VT’s also have SD’s lower 
than typical. The QL is higher than any other density QL’s above in the column. Superpave void 
acceptance projects are displaying a trend toward lower SD’s for density (while mean values are staying 
about the same, or lower). It is too early to say whether the 0.61 SD value is unrealistically low. The AC 
content values appear reasonable in comparison to QPM 2, and better than previous VA projects. The 
VMA SD and QL values are in line with previous VA data. All the VMA values are high, showing the 
tolerance limits and job-mix targets are easy to meet. Either the tolerances should be tightened or the 
““W” factor decreased, or both. 


Air voids element values for QCFP show low compliance with specifications. SD is higher than on the 
VA projects, and QL is much lower. On previous VA projects the universal target of 4.0% has proved 
difficult to meet. On two of the 1997 Region 2 VA projects the target was changed to 3.5%. Without this 
change, the average 1997 AV QL might have been lower. On the QCFP projects, after some significant 
problems at startup (see 11755 Process 1 and 11600 processes 1 & 2), the air voids were close to target, 
but the SD’s were high. The air voids test is really a calculation from two test procedures; bulk specific 
gravity on laboratory-compacted specimens and maximum theoretical specific gravity (Rice). Much 


1997 HBP QC for Pay Pilot Projects with Void Acceptance Page 6 


training and practice are required for skills to be developed for these tests. CDOT laboratory results show 
they have developed the necessary skills. Their average air void SD on their VT’s was 0.64, not far 
above the average of 0.56 for the SP pilot VA projects. This shows that most of the QC variability was 
probably related to testing rather than production. As private labs and contractors gain experience, their 
values are expected to fall more in line with CDOT’s. 


THE F-TEST and t-TEST PROCEDURES and GRAPHS of PROBABILITY DATA 

Figures SS-1 through SS-8 are copies of the spreadsheets used for calculating probabilities for density, 
AC%, VMA and AV elements on the two projects. (Only the major processes are shown, spreadsheets 
for the startup processes were made by field personnel, but to avoid clutter, are not shown here). 
Spreadsheets were also prepared for each specified sieve on each project. All met the F and ¢ criteria 
easily. Field gradations will not be in VA specifications, so no further reference will be made. 


In the SS series of figures, three major sections are to the right of the test data fields, each with two 
columns of probability calculations. Figures 2 through 25 are graphic plots of the probability values 
from the spreadsheets. On the spreadsheets, the first F and tf columns compare contractor VT’s with 
CDOT’s based on running 5-sample splits; the data is plotted on the figures as the medium weight line. 


The second pair of F and ¢ columns is for information only and shows trends in the accumulative VT 
comparisons. In the Figures, the lightest weight line represents this pair of columns. In searching for 
problems when the running 5-sample splits are not acceptable, the columns may be useful. For 
information only, the third pair of columns provides an accumulated analysis of the QC to Contractor VT 
comparison. On the graphs, this plot is represented by the heaviest line. At completion of the process, 
based on all the tests (last data entries), a decision is made whether to pay by QC or CDOT VT data. 
Values in the columns show trends and should warn the contractor in time to correct probiems. 


In the first pair of columns, for all elements on both projects, only three cases of Alerts (all for low ¢ 
values) on VT for splits after test No. 4 are shown, (tests 3 and 4 are for information only). They were as 
follows: 

(1) For density on 11755 (Figure SS-1 and Figure No 5). This Alert at pair No. 18 appears to have 
been a random anomaly. The running set of five tests had very low, similar SD’s. The formula 
predicts that the means should be nearly identical, but they were slightly different. Without 
corrective actions, this alert corrected itself, 

(2) For the last pair of split VT’s for AC% on 11755 (Figure SS-2 and Figure 7.). No corrective 
action was required, as this was the last split pair, and 

(3) For air voids on 11600 (see Figure SS-7 and Figure 23). This Alert was for pair No. 5. Corrective 
actions were taken and resulted in satisfactory probabilities for the rest of the sets. 


For Figures 2 through 25, paired graphs for individual elements were plotted from spreadsheet 
probability data. F data is on the top figure and ¢ data on the bottom figure. The pairs are plotted from 
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calculations on the same sets of test values. Above the upper graph is the pertinent statistical data for 
each pair of graphs. On page 5, above, Figures 2 and 4 are discussed, relating to the effect of a single 
outlying density value in a process. By examining the block of data above the two graphs, it is apparent 
the outlying density test SD’s affected the SD much more than the mean. In Figures 2 and 4, the two 
bold line plots for SD’s (F) are very different, while the bold line plots for means (# are similar (Figures 
3 and 5). 


REDUCING THE RATIO OF VERIFICATION TESTS TO QC TESTS 

As part of this study, an experiment was done to simulate the effect on probability calculations if the 
number of VT’s to QC’s were cut in half. AC% was not evaluated because a 1:7 ratio was used and it is 
not expected the ratio will decrease below that. On Figures SS-1, SS-3 and SS-4 (for density, VMA and 
AV respectively), the VT data has been blocked off by light horizontal lines into stratas to create 1:7 
ratios. This gives two to four VT’s per strata. By random numbers, one was selected (heavier shading) 
for each strata. The other VT’s were added to the QC strata and the corresponding CDOT VT values 
were discarded. , 


New spreadsheets were developed for this changed QC format and the reorganized data entered. Prints of 
these sheets are not included, but are in the files. Figures 6 & 7, 12 & 13, and 16 & 17 (for density, 
VMA, and AV, F and ¢ calculations respectively) are plotted from the data in this experiment. In none of 
the three cases would the action decisions have changed had this reduced VT schedule been carried out. 
This suggests that the ratio of VT to QC tests can be similar to the ratio represented by this experiment 
without a major effect on QC acceptability decisions. 


EXPERIMENT TO VERIFY CRITICAL PROBABILITY LIMITS 

It has been noticed that where there are significant average differences between means or between SD’s 
for two sets of data, the rate of probability descent is steep and rather constant. This relates to the QC to 
contractor’s VT comparisons. As ‘n’ increases, the probabilities get lower and lower, though the 
differences in means and SD’s remain about the same. The question arose whether the critical value 
(0.5%) for action on VT to QC comparisons should be changed as “n” increases. It was also suggested 
that calculating probabilities based on running sets of 10 and 20 VT’s be evaluated to see if this gave a 
more reasonable method for acceptability decisions. 


Figures 26 through 33 represent several computer-generated sets of data used to test the above questions. 
Mean and SD differences are as noted on each figure. In this experiment, SD, mean and “‘n” are the 
computer variables, and were purposely selected as shown. Three small graphs are included in each 
figure. Represented on the cumulative graph is the current spreadsheet calculation method for the QCFP 
projects. Running sets of 20 values (for the same groups) are shown on the next graph. The third graph 
shows running sets of 10 values (same groups). Figure 26 and 27, for asphalt density, compare sets of 
data about as different in SD’s as they can be and still be acceptable (for “n” greater than 30). In Figures 
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28 and 29, data sets are shown with unacceptable differences after “n” equals 45 for SD’s and 23 for 


means. 


Figures 30 and 31 are for computer-generated random sets for air voids. Note these become unacceptable 
after 27 tests. We can say with confidence, after 27 tests, only a 0.5% probability exists that the 
differences in SD’s and means are by random occurrence. Note that at test No. 18, the lines started 
upward. More values were needed to be sure of the trend. Finally, Figures 32 and 33 show plots for two 
sets of data related to asphalt content. The probability for the means difference becomes unacceptable at 
test No. 38. 


The F-test formula for comparing SD’s is independent of the means difference. Two sets of data with 
very different means can still have very similar variances and be acceptable for SD comparisons. The #- 
test formula includes variance and mean values for the two sets, so when comparing the means, SD has a 
major effect. Where the SD difference is small, only a small difference in means is allowable. 


Acceptable average differences in SD’s and means cannot be stated. If this were the case, average 
differences could be used rather than statistical calculations. Peaks and valleys in the lines are caused by 
the randomness of the numbers. Another set of values with the same differences would create plots with 
different peaks and valleys, but show similar slopes. In the computer generated groups, calculating by 
running sets of either 20 or 10 gave no better information for decisions than using accumulated data. The 
SD’s for smaller sets of numbers vary in relation to the true SD for the population divided by the square 
root of “n” for the smaller sets. The best, most reliable calculations can be made by using all data 
available. We conclude from this experiment, the method of calculating the F and ¢ probabilities and 
selection of critical values should remain as used in the QCFP pilots, at least for now. If the ratio of VT 
to QC is reduced, a distinct downward trend in probability values might become an issue only for very 


large tonnages (large “‘n’’s). 


CONCLUSIONS 

(1) Contractors’ QC tests can be used for pay determinations with verification procedures similar to 
those used on the 1996 QCFP projects. For the regular QPM 2 elements, the contractor’s average QL 
of 94.1 was much higher than the three-year average QPM 2 QL of 91.0. However, during this 
period, nine annual QL averages by individual contractors were more than 94.0 (for tonnages equal 
to or greater than on these projects). So values as high as 94.1 should be expected. CDOT’s average 
QL of 90.0 is not statistically different from the contractor’s 94.1. Both average QL’s are composites 
of the element QL’s calculated from individual sets of test values. The sets were evaluated by F and t 
tests. Jt was found the differences could have been random occurrences, within the probabilities 
stated. 


(2) The F and f test procedures used for these projects to compare sets of test values were workable. 
Based on differences in SD’s and means, the program adequately differentiated between acceptable 


(3) 


(4) 
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and unacceptable comparisons. Errors in the spreadsheet program used in the field have been 
corrected and a few other minor changes made. Other, easier to use, program formats could be 
developed using F and ¢ probability calculations. 


VMA criteria were easily met, based on job-mix targets, resulting in a QC average QL of 94.8. This 
agrees favorably with values developed by CDOT on previous VA projects. On these projects, 
CDOT’s QL was 98.1. SD’s compare favorably with the VA projects. The tolerances should be 
tightened to + 1.0% and the W factor reduced from 0.2 to 0.1. 


AV criteria were not satisfactorily met. The average value was 4.05, only 0.05 above the target. 
Nevertheless, the average SD was 0.84 (compared with the VA/SP average of 0.56), resulting in a 
QL of 76.4 compared to the VA/SP average of 90.7 (and CDOT’s VT QL of 90.5). The special PF 
formula did not provide enough incentive to override the production and testing problems incurred by 
the contractor. Because CDOT’s values compare favorably with previous VA projects, we conclude 
that most of the contractor’s problems were in testing procedures (probably in making specimens and 
the specific gravity tests). We believe that practice and attention to detail will solve the testing 
problems. Importance of this element warrants a higher W factor. 


(5) VFA averaged 72.6, within the 65-75 limit, but with a QL of only 79.8. The low QL was related to 


(6) 


the high AV standard deviations. VMA and AV are the variables used to calculate VFA; the VMA 


criteria were satisfactory. 


The number of verification tests in relation to the QC tests can be safely reduced, up to half, without 
significantly affecting decisions based on the probability values that compare sets of data. 


RECOMMENDATIONS 


Q) 


(2) 


(3) 


Use the quality level analysis approach for the pilot QCFP projects planned for 1999. These projects 
should have as pay elements, AC%, in-place density, VMA and AV, and be designed by the SP 
procedure. The AV test needs particular attention. Industry will gain experience in QC voids-analysis 
testing on the Phase 2 VA projects planned for 1998. Based on the proficiency proved by CDOT 
laboratories, it is expected QC air-void testing will be acceptable for the 1999 QCFP pilots. 


Decrease the W factor for VMA to 0.1. VA/SP historical average SD is 0.46. Decrease the tolerance 
to + 1.0, two historical SD’s for a seller’s risk of 5%. Leave V at 0.6, 1.2 historical SD’s for a seller’s 
risk of 5%. 


Increase the W factor for AV to 0.4. The historical VA/SP average SD ts 0.56. Leave the tolerance at 
+ 1.2, two historical SD’s for a seller’s risk of 5%. Increase V to 0.7, 1.2 times the historical average 
SD for a seller’s risk of 5%. 
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(4) For the 1999 pilot QCFP projects, continue the use of the F and ¢ test procedures to verify the 
contractors’ QC tests. The current spreadsheet is workable and has been updated and corrected. It 
may be more cumbersome than necessary; so consider revisions. The most difficult parts of verifying 
the QC tests were the methods described in the 1997 pilot specifications for setting up the random 
sample selection schedules. These, along with the actual mechanics involved, need to be reviewed 
carefully. 


(5) Pay more attention to the VFA parameter. It is not recommended that it be a pay element. 
Nevertheless, calculate and consider it routinely when setting up the job mix formulas in the field. 
VFA is affected by the targets selected for AC%, VMA and AV. 
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Table 1 
QC/QA HOT BITUMINOUS PAVEMENT USING CONTRACTOR QC FOR PAY (includes Voids Accept) 
DETAILS AND SUMMARY BY PROJECT AND ELEMENT FOR 1997 PILOT PROJECTS 


wn [ne Len [-ron [sooo] “n~ [ranalrove.twean [rai['so [at vas [orvz 
MENT LTON 000 “n" WO $ CDE|GRA over Rad, >0.005 


franoTow. mean [Ta] so [a | vas [OP¥o 


Gradation Data fs for #3 Sieve 


125, Hampden South 76-28 | 11755 2 491 | 0.01 

125, Hampden South 76-28 | 11755 | 1 | Dens% | $4200] 8] 1 | 9400] 200 | 9320 

125, Hampden South |, 76-28 | 41755 | 1 | Grad. | $4200 | 0.8] 2 | 45.00 | §.00 | 44.00 

125, Hampden South 76-28 | 11755 | 1 | voids | $4200) o8| 2 | 400 | +20 | 230 

125, Hampden South 76-28 | 11755 | 1 | vMA | $4200] o8f 2 | 1450] 1.20 | 13.45 

For information only | ANT5S | of | MEA TS 2 aa ; REA d ‘| 

125, Hampden South | 76-28 | 11755 | 2 | ac% | $4200| 269| 59 | p12 | ga2 | | 4.055 | sig6i2 | ki | siF) | 986 | 0.963 | 0.232 
(25, Hampden South 76-28 | 11755 | 2 | Dens% | $4200] 269} 61 | 9400] 200 | 9270 | -131 | o50 | 917 4.017 | $9,160 | Ki | str) | 73.2 | 0.064 | 0.018 
125, Hampden South | 76-28 | 11755 | 2 | Grad | $4200| 269| 32 | 4500 | 5.00 | 45.40 | 0.40 | 200 | 929 | 1.038 | $8498 | Ki | sie) | 1000 | 0.116 | 0.817 
(25, Hampden South | 76-28 | 11755 | 2 | Voids | $4200| 269] 33 | 400 | 120 | 396 | -o04| 101 | 765 | 1.000 | ots $0 x1 | str) | 95.2 | 0.166 | 0.679 
125, Hampden South 76-28 | 11755 | 2 } vMA | saz00| 269} 33 | 1450] 1.20 | 1455 | 0.05 | 052 | 982 | 4.017 | 1.055 | $9,707 Ki | StF) | 100.0 | 0.323 | 0.159 
For Information only | Mh 4 19755, 2 


vFA | $4200] 269] 33 | 7000 | 7.00 | 73.23 | 3.23 | 490 | 766 | | Kt | sie) [| 867 | ox | OK 


$42.00 
$42.00 


PROJECT TOTALS & AVERAGES 
PROJECT TOTALS & AVERAGES 


QPM 2: 
Vds Acp : 


$36, 270 
$9,707 


94.1. 
87.3 


1.009 


NH 0021-022, 
Colorado Byd 64-22 11600 5] AC% $36.00 21 


Colorado Byd 64-22 11600 1 Dens% $36.00 24 
Colorado Bvd $36.00 | 


5.00 0.30 
94.00 2.00 


0.23 | 0.20 628 | } 0919 ($1,878) K1 
-0.25 | 0.88 | 100.0 |. 1,030 $1,159 K1 


Colorado vd $36.00 
Colorado Bvd e422 | 11600 | 1 | vMa | s3e00] 24 18.50 } 1.20 4 

ation only «gf, 84-22 | 11600 | 4. J MFA | $36.00] | 24] 4.70.00 | 7.00 | 88.10 | 18.10 | 5.03 | 68 | LA 
Colorado Bvd “| g4-22 | 11600 | 2 | acwe | $3600) o9] 1 | sool ool aaa -o12 | KI 
Colorado Bvd | 64-22 | 11600 | 2 | Dens% | 336.00| 09) 2 | 9400| 200] 9530] 1.30 Ki 
Colorado Bvd | 64-22 | 11600 | 2 | Grad | 3600] o9| 1 | 37,00] 500] 4200] 5.00 | fee 
Colorado Bvd ~ {64-22 ! 11600 | 2 | Voids | $3600) 09] 14 4.00 1.20] — 1.70| -2.30 } 1.000 Ki 
Colorado Bvd 64-22 | 11600 | 2 | vMA | s3600] o9] 4 4550|  1.20| 14.80] -3.70 | ' | 1.000 | Ki 
For information only | 64-22 | 11600 | 2 | VFA | $36.00] ool 1 70,00) 7.00 : Kt 
Colorado Bvd 64-22 | 11600 | 3 | ace | $3600] 245] 49 | 480 | 030 | “90.8 4010 | $2549 | KI 
Colorado Bvd 64-22 | 11600 | 3 | Dens% | $3600| 245] 49 | 94001 200 | 9435 | 034 | 070 | 993 4.055 | $24,232 | KI 
Colorado Bvd of 84-22] 14600 | 3. Grad | $36.00} 24.6) 27. | 45.00 | 5.00 | 45.10 | 0.10 | 260 | 915 . ft 1022 | $3,833. | Kt 
Colorado Bvd 64-22 | 11600 \ voids | s3e00] 245] «9 | 400 | 1.20 | 450 | o60 | o70 | 328 | 1.000 | ooas | 0 | ki 
Colorado Bvd oe 41600 


ow w 


For rome only. 


PROJ CT TOTALS & AVERA s 
PROJECT TOTALS & AVERAGES 


VdsAcp . 


TOTALS & AVERAGES (2 Projects) Regular Elements 


$39.04 


$39.04 56.2 


“3 AL, ousur 0.966 


* Would have bean 0.999, except special provision did not allow disincentive for volumetric properties. 
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numer | tio | MENT [TON _| 1000). "n 
NUMBR MENT {TON | 1000) "'n" 


PROCESS ELEMENT DATA & CALCULATI | PAY FACTOR | 


Table 1 
QC/QA HOT BITUMINOUS PAVEMENT USING CONTRACTOR QC FOR PAY (includes Voids Accept) 
DETAILS AND SUMMARY BY PROJECT AND ELEMENT FOR 1997 PILOT PROJECTS 


PROJECT Xe 
LOCATION GRAD 
PG- 


Gradation Data Is for #8 Slave 


| PAY FACTOR | 


125, Hampden South 
125, Hampden South 
Colorado Byd 


125, yomeden South “76 28 | 


125, Hampden South 76-28 
Colorado Byd 64-22 
Colorado Byd 64-22 
Colorado Bvd 64-22 


125, Hampden ‘South 
125, Hampden South 
Colorado Byd 
Colorado Bvd 
Colorado Ba 


125, 5 Hampden S South 
125, Hampden South 


QC for Pay: VMA and AV 
It by Pro 


1997 Volds Acce; 


[TaRG|T TOL+ [MEAN | T-M_|_sD__QL_| _vds_lop2|_ 


“PROJECT C DATA SONTEDS AND SUMMARZED BY ELEMENT 


11755 
11755 
11600 
11600 
11600 


11755 
41755 
11600 
11600 
11600 


Qc for Pay : AC%, Density & Gradation 


OnN—-N = 


ONAN = 


Dens%® $42.00 
Dens% $36.00 
Dens% $36.00 
Dens% $36.00 


osed: 1998 VA Elements: Density, AC%, Voids & VMA 
1997 QPM 2 (Regular QC/QA) 
tance Projects In Reg 


$31.26 378.9 
$31.83 273.8: 


42.00] 08] 


94.00 
94.00 
94.00 


OC for Pay Welghted Averages & Totals for Density oo. ae 2]. 4 94.00 | 2. 


4.80 


a peipers at 


92.70 
93,75 
95.30 
94.35 


A512 | 


13.45 


-0.80 
1.34 
-0.25 
1.30 
0.34 


0.01 | 


0.50 


__ 0:88. 


“0.70 


oe . 


| a7 | 
100.0 | 


1.055 
0.919 
1.000 
1.010 


$0 
$18,612 
($1,878) 
$0 
$2,549 


4.017 
1,030 
1.000 
1,055 


$19,283 


$9,160 

$1,159 
$0 

$24,232 


-1.05 


0.25 |.235 |. 9s 


$8,498 
($41,243) 


73.2 | 0.084 


Ki | S(F) 
Ki | Ss) | NA 
Ki | SIF) 


[01.4 [1.021 [1.008 [$201,468 | 


By proposed 1998 VA spec, $69,720. 


[018 


1455 | 0.05 
Colorado Byd 1280 | -270 | ¢ 
Colorado Bd 41.80 | -370 [. 
Colorado Byd 14.90 | 0.40 1. 
QC for Pay Weighted Averages & Totals for Void in Mineral Agg, : F $0 | 14.55 | 1.2 14.58 i 0.02 | 043 we 1.024 | 3,2 
125, Hampden South 76-28 | 11755 | 1 | voids | saz00| o8| 2 | 400 230 | -1.70 | | 1.000 | 1.000 $0 Ki | S(F 2S EEE 
125, Hampden South 76-28 | 11755 | 2 | Voids | $4200| 269] 33 | 4.00 | 1.20 | 396 | -004] 1.01 | 765 | 1.000 | 0.913 $0 K1_ | StF) | 95.2 | 0.166 | 0.679 
Colorado Bvd 64-22 | 11800 | 1 | Voids | $36.00 21] 5 | 400 | 1.20 | 158 | -242] 036 | 00 | 1.000 | 0800 $0 Ki | SF) | oo | : 
Colorado Bud 64-22 | 44600 2 | Voids $36.00 09| 14 4.00 | 1.20 1.70 | -230 } | } 1.000 | 0.500 $0 K1 | se) EI. q 
Colorado Bvd 64-22 | 11600 | 3 | Voids | $36.00| 245] 49 | 400 | 1.20 | 450 | 050 | 070 | 828 | 1.000 | 0.948 $0 ki_| s(Fy | 96.6 | 0.983 | 0,736 
QC for Pay Weighted Averages & Totals for Air Vold %, | 85.2[ 90 | 400 | 4.20 | 405 | 005 [ o84 | 764 | 1.000 | ogor | $0 __| 90.5 
VFA not specified, for Info only 11755 [4 VFA $42.00| 08] 2 | 7000] 7.00 | 8290 | 1290 a eee ara Ki | sie) f . eile 
VFA not specified, for Info only 11755 | 2 VFA $42.00| 269] 33 | 7000 | 7.00 | 7323 | 323 | 490 | 766 O94 Kt | sf) | 867 | OK | OK 
VFA not specified, for Info only 11600 | 1 VFA $36.00 21] 5 | 70.00) 7.00 | 88.10 | 18.10} 5.03 | 00 0800 Ki | si) | 0.0 
VFA not specified, for info only 11600 | 2 we $36.00 o9| 4 ne 7.00 | 65.60 | 15.60 | qd eee i of) y 
VFA not specified, for info onl 11600 | 3 $36.00 | 245| 49 7.00 | 69.80 | -0.20 | 431 ‘g69 | OK 
nope ae wrasricaeee el em roe ee eee eee 
Ge ear 
Graf er_144.07 
VMA_————~*Y|~— 90 44.555 
Voids ids 80 | 4.00 | ; 
VFA (for info Onl [_s0_ [70.00] 7.00 | 72.62 | 2.62 | 4.63 | Fee | 0.934 | 
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Table 2 
Density, Asphalt Content, VMA and AV Test Data 
Void Acceptance Compared to OPM 1 & 2 and QC for Pay Projects 


Number of tests Standard Deviation Quality Level or VA PF 
reel TA AL Ae a AYA TASS aT Daf tA 


WA, Texas. Gyr. + Chien 


Constiucted'in. £993-96 


=—SCe oc ct co es =| 
cased SCS a 


VA, VA, Superpave, 1997 | 1997 0, } ost 0. } 04s) 0.55] aia 2 | 93.2 2] 1012 0. 0.994 | } 1031 031 1.027] 027 0.984 984 0. | 0977 | } 1.028 028) 1. 1.029 


TRC Ree 
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QC Data Verification Program Version 1.004 
PROGRAM FOR COMPARING CONTRACTOR haaerla CONTROL FOR PAY & CDOT VERIFICATION DATA SETS 
PROJECT: :IN Location: a 

Begin Date: 


Note: F-test compares differences In SD's, t-test differences In means. 


Probabilities Probability, Cumulative Probabilities 

F & ttest F & ttest F & ttest 
9235 |Wamin ons 9:95 a5 
0.56 [Alert oo 532 2 RROGE: 


1.0283 ee zy. Action on a = ia on Tone — om a 
Strata |Contractor's Independent R —_ Verif, Tests [Running Sets of § s nee Cumulative Verification . Contractor QC vs Verif 
QC Results =ES ae A 


No, T | F-test 4F-test |T-Test Stats F-test [T-Test [S 


1 
2 q 
3 0.741 Jo270f ok 40.741 | 0270 | ak : 
4 0.446 [0.753 oK 4f0445] 0753 | OK | 
5 0.771 |0.795 — OK 40.771 | 0795 § OF : : 
6 0.771 }0.795 — o« | 0739 | 0788 — aK =: 
7 0.564 |0.643— ok | 0.920 | 0.475 | OW E 
8 0.445 }0591— of | 0928 | 0379 | GK 7 0.130 | 0.023 F whee 4 
9 0.445 } 0.034 — Warm {0.724 | 0.211 | @& 40.338 | 0.022 § Wain * 
10 0.398 |0.034 F Warm {0587 | 0.120 — @&% 4 0.412 | 0.071 f OR: 
ah) 0.345 | 0.034 F Warn 70.528 | 0120 — GK J 0506 | 0.074 F OK : 
12 0.178 |0.200— ox 40.467] o196 | OK 4 0687 | O.08S F BK 
13 ‘F._} 03907 }O255— O« J0522 | 0138 — O&K J 0576 | 0064 — OK 
14 0.566 }0.710f o« | 0.525 | 0185 — OR 4 0.492 | 0.040 § Warm 3 
15 0.050 | 0.495 F Warn. | 0.476 | 0.240 — GK | 0.412 | 0.025 F War. 
16 0.238 | 0280 f OK | 0.390 | 0340 | OK {0302 | O012 Fier | 
17 0.688 }0.295f o« | 0396 | 0374 | OK | 0.357 | 0.014 E Warn | 
18 0.858 [0.003 [ Alert | 0.550 | 0.451 —| 6 | 0.275 | O.014 E Ware 
19 0.976 | 0.5541 OK {0.558 | 0.327 | GK 0.279 | 0.015 F Warm 
20 0.560 [0.404 f OK 40.896 | 0523 — OR 40.151 | 0.025 F atart 
21 0339 f0910f OK 40,795 | 0.421 | OK 4 0.104 | 0.014 Wace 
22 0.324 [0.749 f oK {0.730 | 0534 f eK 40.111 | 0.008 Etim 
23 0.672 | 0.838 f oK | 0.938 | 0494 | OK | 0.040 | 0.020 fWerm 
24 0.744 |oe4s | OK | 0.836 |] O506 f OK | O04 | oo18 F Ware 9 
Figure SS-1 
QC Data Verification Program Version 1.004 
PROGRAM FOR |G CONTRACTOR QUALITY CONTROL FOR PAY & CDOT VERIFICATION DATA SETS 
PROJECT: . 
Subaccount 

Enter Data In Yellow Blocks Only Note: F-test compares differences in SD's, t-test differences in means. 

Statistical Data Based on Entries Below 5 Test Running Evaluation Verification Samples Contractor QC vs Verif 
Target: 4:80. Probabilities Probability, Cumulative Probabilities 
Contractor QC F & ttest F & ttest F & ttest 
Mean 4,78 Warming: 0:05 308 ges! 

0) 0.12 Alert ot 2.04 : OOS: 
" 49 ; 
aL $8.68 ek: ;] . 
Cali 2 3 6 7 3a pee 14 
Strata Contractor's Independent Random ee ee le Sets of5 samp les} Cumulative Verification Contractcr QC vs vert 
No. Quality Contro! Test Results ‘Contracto|COOT |F-test t-test F-test [T-Test Stab usd F-test [T-Test fStati 
1 Ana a Dees #75: 4671 : 
2 479] A886 : 
3 474] 4:84] 0.064 | 0.851 — oOo | 0.064 | 0.951 F OK 
4 444] 4:82] 0.552 | 0.383 — OK | 0552 | 0.383 F om | 
5 : i ; | 47%] 4:74] 0.498 | 0.443 E a 4 0.498 | 0.443 EF -OK 
6 465 = 4:84 458 475 463 475 458 438] 4:79] 0.100 | 0126 — Ox | 0.368 | 0.259 | OK | 0.327 | as7e | OK 
7 462 4:86 470 460 477 465 480] 481] 4:79] 0.038 | 0.206 F wam | 0272 | 0.272 | om Jo.271 | 9.701 [0% 
8 491 4:80 484 484 488 460 4:56 4:82| S034 0.461 | 0.156 — ak | 0.705 | 0.153 | eK J 0.400 | 0.617 | oR 
9 484 457 499 478 483 499 478) 488] Side] 0.548 [ 0.155 — OK J 0.958 | 0.087 | GK 40.540 | 2559 | OR 
10 463 464 485 495 486 492 S05 “a79] 5:07] 0.660 | 0.028 F-Watn | 0.764 | 0.041 Ewan] 0.759 | 0.280 F 0K - 
11 486 490 489 486 489 478 4:69 474] 4:84] 0.140 | 0.043 Fwam | 0.742 warn, 0.743 | 0.145 - SaK 
12 : Mert | 0.725 #4 0.863 | 9.2392 | OK 


474 4T2 4:60 4:71 4.72. 480 4357. 475] 4239] 0.201 | 0.004 


Figure SS-2 
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QC Data Verification Program Version 1.004 
PROGRAM FOR COMPARING CONTRACTOR QUALITY CONTROL FOR, PAY & CDOT VERIFICATION DATA SETS 
PROJECT: ; : 


Subaccount: 


Enter Data In Yellow Blocks Only. Note: F-test compares differences In SD's, t-test differences in means. 
Statistical Data Based on Entries Below 5 Test Running Evaluation Verification Samples Contractor QC vs Verif 
Target 4:90 Probabilities Probability, Cumulative Probabilities 
Contractor QC __| attest F & ttest 
Mean 4.01 Warning 6:05" 05: 
SD 1.15 Alert ORI > G05: 
"n” 21 


70.23 


QC Test Results Contr | 


iso z 
2 SeerNonaun=F 


12 
Figure SS3 
QC Data Verification Program Version 1.004 
PROGRAM FOR COMPARING CONTRACTOR QUALITY CONTROL FOR PAY & CDOT VERIFICATION DATA SETS 
PROJECT: Location: is : 
Subaccount: Begin Date: _ 
PERCENT VGIDS in MINE: SGRE! VIMAR : 

Enter Data In Yellow Blocks Only “Note: Fetest compares differences in SD's, t-test differences in means. 

Statistical Data Based on Entries Below 5 Test Running Evaluation Verification Samples Contractor OC vs Verif 
Target . ; Probabilities Probability, Cumulative Probabilities 
Contractor OC F &ttest F & ttest, F & t-test 


Aceumultive ‘For Final) 
er CC vs Verif 


ae ae: 8 
Lae | For Action on Verification 


a en | Verification —_| Running Sets of § Samples 


on ae on caaniee 
Strata [Contractor's Independent Random (ee = 
QC Test Results 


BRON MEHMAwWNAZ 


gggeeeogis 


aaeaseaaga *f 


— 
N 


Figure SS-~4 
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Qc Data Verification Program 


Location: 
Begin Date: 


PROJECT: 
Subaccount 


Note: F-test compares differences in §D‘s, t-test differences in noceme. 
Probabiities Probability, Cumulative Probabilities 
F&ttest,  — F&ttest F & test 


Mean Warning : FS Reg 
so Alert : 
Ba 


QL 


1.0283 | | For - on vei For om on reer =a = Final) 
Seo ee 
Oc Resu OC aacire Qc Resut See CDOT 


2 : ] 
3 mK | P OK | 
4 + a OK 
5 1% ad 
8 on OF 
7 aK: om 
8 mK | , Oe CK | 
8 mm | mm On 
40 on OK ne 
i es om a, 
12 m7 | OK aK 
13 v9 ; 8 OF. 
14 } Wie | on om 
18 Wan | an 4 
16 oe | : OK } OK 
Md } OK | pO OR 
18 KX x ; Oo 
19 x | , OK | Oe 
20 F oe | SOK OK 
21 .  O% 2% cae 
2 Ow | Oo mM 
a on OK bom 
24 -* 0K. Cae 
FJ OK on 
25 on & oe 
a7 . OK. | OK | fee ee 
Figure SS-5 
Qc Data Verification Program Version 1.004 


1G CONTRACTOR QUALITY CONTROL FOR PAY & cooT "VERIFICATION DATA SETS 
Begin Qate: 


Note: F-test compares differences in SDs, t-test difference in axes. 
§ Test Running Evaluation Verification Samples Contractor QC vs Verif 


Svata [Contractor's Independent Random 


No. 
1 
2 
3 
4 
5 
6 
? 
8 
9 
0 

b 


aeeeaeina 


CCLce 


Figure SS-6 


QC Data Verification Program Version 1.004 
FROGRAM FOR COMPARING CONTRACTOR QUALITY QONTROL FOR. PAY & CDOT VERIFICATION DATA SETS 
Hak 


Enter Data in Yelow Blacks Only : > Note: F-tert compares diferences im SD's, (-test differences in means. 
Statistical Data Based on Entries Below 5 Test Running Evaluation Verification Samples Contractor GC vs Verf 
Probabilities Probabatty, Cumulative Probabéities 


F &tetest F &ttest, F & Hest 
F 8:05; 1 05: 


z 8 A " 
[|__| Fer Action on Verification For info. on Vesification acon “ ma 
Strata [Contractor's Independent Ran Running Sets of 5Samples _|Currulative Verification gems QC vs Verif 
icoor__| Bt 


eet et 
Bec: Ales | 
Adext Afort 
on Ment | 
OK on: 
Figure SS-7 
QC Data Verification Program Version 1.004 


PROGRAM FOR COMP, CONTRACTOR QUALITY CONTROL FOR PAY & C VERIFICATION DATA SETS 
ise, Mi : 


Note: Pest compares differences in SD’s, t-tert differences in means. 
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Log Probability 


PERCENT AIR VOIDS: 125, HAMPDEN SOUTH 


etal a [3.86 |cpor 
ioe a 0 Hse elon ort vert 
[33 Jeation 


Summary [12 [eation 


REDUCED VERIFICATION, 4 Ver To 7 QC 
PERCENT AIR VOIDS: 125, HAMPDEN SOUTH 


| 3.06 [contr |_3,70 [coor |_ 3.03 | 
ved 4. ‘if oa [1.02 _ |verte- Vern [_0.72_| 
Summary Slee tied [33 Jeaton [| 2 Jean | 9 _| 


% Ae TeHSTE “F" Prob (SD's Concareai 
Contractor Verif Tests Vs CDOT Verlf & QC for Pay 


0.1 : 
; = Warn 
0.01 F 
0.001 


1 2 3 4 5 6 7 8 9 0 1 12 
Number of Verification Tests 


== Cav/CDOT, Rning 5 —— Cntv/CDOT, Cuml == Cnl:VeriffQc Cum 


Figure 14 


% Air ie Vous "F" Prob (SD's Compared) 
Contractor Verif Tests Vs CDOT Verlf & QC for Pay 


0.1 


0.01 


Log Probability 


Cumulative Alert 


0.001 L L L 4 L i 4 A L 
1 2 3 4 5 6 7 8 9 


Number of Verification Tests 


Warn 


—— CnUCDOT, Rning 5 — Cnt/CDOT, Cuml = Cnt-VeriffQc Cuml 


Log Probability 


% Air Voids "t" Prob (Means Compared) 
Contractor Verif Tests Vs CDOT Verif & QC for Pay 


0.1 & = 
= Wam 
Aas 
T_Gumnulatve Alor 
0.001 


1 2 3 4 5 6 7 8 9 1 44 42 
Numher of Verification Tests 


— Cnv/CDOT, Raing 5 —— Cntr/CDOT, Cumt === Cnt-Verif/QC Cum 


Figure 16 


Figure 16 


% Air Voids "t" Prob (Means Compared) 


Contractor Verif Tests Vs CDOT Verif & QC for Pay 


Log Probability 


‘| Cumulative Alert {-- 


3 4 5 6 7 8 
Number of Verification Tests 


—— CnvCDOT, Rning 5 —— Cnt/COOT, Cum| = Cnt:VeriffQc Cuml 


Figure 17 


Page 22 


IN-PLACE ASPHALT DENSITY: COLO BLVD, MISS - MLK BLVD ASPHALT CONTENT: COLO BLVD, MISS - MLK BLVD 
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EXHIBIT 1 


May 5, 1997 
REVISION OF SECTIONS 105 AND 106 
VOIDS ACCEPTANCE & QUALITY OF HOT BITUMINOUS PAVEMENT 


Sections 105 and 106 of the Standard Specifications are hereby revised for this project as follows: 
Subsection 105.03 shall include the following: 


Conformity to the Contract of all Hot Bituminous Pavement, Item 403, except Hot Bituminous Pavement 
(Patching), Furnish Hot Bituminous Pavement and temporary pavement will be determined by tests and evaluations 
of asphalt content, gradation, in-place density, air voids and voids in the mineral aggregate in accordance with the 
following: 


All work performed and all materials furnished shall conform to the lines, grades, cross sections, dimensions, and 
material requirements, including tolerances, shown in the Contract. For those items of work where working 
tolerances are not specified, the Contractor shall perform the work in a manner consistent with reasonable and 
customary manufacturing and construction practices. 


When the Engineer finds the materials or work furnished, work performed, or the finished product are not in 
conformity with the Contract and has resulted in an inferior or unsatisfactory product, the work or material shall be 
removed and replaced or otherwise corrected at the expense of the Contractor. 


Materials will be sampled randomly and tested by the Contractor and the Department in accordance with Sections 
106 and 403 and with the applicable procedures contained in the Department's Field Materials Manual. The 
approximate maximum quantity represented by each sample will be as set forth in Section 106. Additional samples 
may be selected and tested as set forth in Section 106 at the Engineer's discretion. 


A process will consist of a series of values resulting from tests of the Contractor's work and materials, Each 
process will consist of one or more test results. All materials produced will be assigned to a process. A process 
normally will include all materials produced prior to a change in-the job mix formula (CDOT form 43). The 
Engineer will establish a new process when job mix formula changes occur. The Engineer may separate a process 
in order to accommodate small quantities or unusual variations. 


Evaluation of materials for pay factors (PF) will be done using either the Contractor’s quality control test results or 
the Department's verification test results. Each process will have a PF computed in accordance with the 
requirements of this Section. Test results determined to have sampling or testing errors will not be used. 


Any of the Contractor’s Quality Control test results for asphalt content, gradation or in-place density greater than 
the distance 2 x V (see Table 105-1) outside the tolerance limits will be designated as a separate process and the 
quantity it represents will be evaluated in accordance with subsection 105.03(g). If the material is permitted to 
remain in place, the PF for the item will not be greater than 0.75. 

In the case of in-place density, the Contractor will be allowed to core the exact location of a Quality Control test 
result more than 2 x V outside the tolerance limit. The result of this core shall be used in lieu of the previous test 
result. All costs associated with coring will be at the Contractor's expense. 


(a) Representing Small Quantities. When it is necessary to represent a process for asphalt cement, gradation or 
in-place density by only one or two tests results, PF will be the average of PFs resulting from the following: 


If the test result is within the tolerance limits then PF = 1.00 
If the test result is above the maximum specified limit, then 


PF = 1.00 - 0.25{(T, - T/VP 
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REVISION OF SECTIONS 105 AND 106 ; 
VOIDS ACCEPTANCE & QUALITY OF HOT BITUMINOUS PAVEMENT 


If the test result is below the minimum specified limit, then 
PF = 1.00 - 0.25[(Ty, - T,/V/7 


Where: PF = pay factor. 
V =V factor from Table 105-1. 
T, = the individual test result. 
T, = upper specification limit. 
Ty, = lower specification limit. 


If the pay factor of any of the above calculations is less than 0.75 for asphalt content, gradation, or in-place 
density, the acceptance of the work will be evaluated according to subsection 105.03(g). 


Determining Quality Level. Each process with three or more test results will be evaluated for a quality level 
(QL) in accordance with Colorado Procedure 71. 


Gradation Element. Each specified sieve will be evaluated for QL separately. The lowest QL for any 
specified sieve will be designated as the QL for gradation element for the process. 


Element Pay Factor. Using QL, compute PF, as follows: For asphalt content, gradation and in-place density, 
the number of random samples (Pn) in each process will determine the pay factor for each element. As test 
results are accumulated, Pn will change accordingly. When the process has been completed, the number of 
samples it contains will determine the calculation of PF, based on the formula designated in Table 105-2. 
Where Pn is greater than 9 and less than 201, PF will be computed by the following formula: 


pr= (PF, +PE,) +[(PF, +PF,) - PF, +PF)] x @n,- Pn) 
2 R= Pry 


Where, when referring to Table 105-2: 


PF, = PF determined at the next lowest Pn formula using process QL. 

PF. = PF determined using the PN formula shown for the process QL. 

PF, = PF determined at the next highest Pn formula using process QL. 

Pn, = the lowest Pn in the spread of values listed for the process Pn formula. 

Pn, = the lowest Pn in the spread of values listed for the next highest Pn formula. 
Pn, = the actual number of test values in the process. 


Regardless of QL, the maximum PF in relation to Pn is limited according to Table 105-2. For air voids and 
voids in the mineral aggregate, use the following formula for each process: 


PF = 0.01619 - 0.14857(QL/100) + 0.15238(QL/100)? 


Where: PF = pay factor. 
QL = Quality Level 


Element Average Pay Factor. A pay factor will be determined for all material or work represented by the 
elements listed in Table 105-1. For the pay estimates, each individual element will have the average pay factor 
(PF), weighted by the quantities, computed as follows: 
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pr,= [M,(PF,) + M,(PF,) + .....M(PF))] 
gp 


Where: M,; = Quantity of item represented by the process. 
PF; = The process pay factor. 
XM = Sum of Quantities, M, to M; (the total quantity). 


Composite Pay Factor. When there is more than one element for the item, determine the composite pay factor 
(PF,) as follows (at project completion, }°M used to compute each element PF, must be numerically the 
same): 


pRo=  [WiPFa:) + WiPFa)t ..... WPF] 


ee 


Where: W =element factor from Table 105-1. 
PF, = clement average pay factor. 
¥W = sum of the element factors. 


The composite pay factor for air voids and voids in the mineral aggregate will be computed separately and 
then added to the composite pay factor for asphalt content, gradation and in-place density. When the 
composite pay factor for air voids and voids in the mineral aggregate computes to a value less than zero, then 
the composite pay factor for air voids and voids in the mineral aggregate will be zero. 


As the Contractor’s verification and quality control test results become available, they will be used to calculate 
accumulated QL and PF numbers for each element and for the item. The test results and the accumulated 
calculations will be made available to the Engineer upon request. Numbers from the calculations will be 
carried to significant figures and rounded according to AASHTO Standard Recommended Practice R-11. 


Evaluation of Work. When the PF, for all elements in a process are 0.75 or greater, the finished quantity of 
work represented by the process will be accepted at the appropriate pay factor. If PF, for asphalt content, 
gradation or in-place density is less than 0.75, the Engineer may: 


1. Require complete removal and replacement with specification material at no additional cost to the 
Department; or 


2. where the finished product is found to be capable of performing the intended purpose and the value of the 
finished product is not affected, permit the Contractor to leave the material in place. 


If the material is permitted to remain in place the PF, for the item will not be greater than 0.75. When 
condition red, as described in Section 106, exists for any element, resolution and correction will be in 
accordance with Section 106. Material which the Engineer determines is obviously defective may be isolated 
and rejected without regard to sampling sequence or location within a process. 
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Table 105-1 
"W" and "V" Factors For Various Elements 


No. # mesh and larger sieves 
ee 
No. 200 mesh sieve 


ee 
[VointeNieat [oat [7 
[Rives —__—_——S~=id ms 


Table 105-2 
Formulas For Calculation PF Based on P,, 


| Pn _—_| When Pnis as shown at left is 3 to 9, or greater than 


5 [aimee 79 (QL ose QL [TO 
| eee Tso er QUTIOOF_[ LOH 
[eee QT) REE QLTOOR_| TOO 


70 to 200 {| 0.21611 + 0.86111 (QL/100) 1.060 
0.15221 + 0.92171 (QL/100) 1.060 
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Subsection 106.03 shall include the following: 


All Hot Bituminous Pavement, Item 403, except Hot Bituminous Pavement (Patching), Fumish Hot Bituminous 
Pavement and temporary pavement shall be tested in accordance with the following program of process control 
testing and acceptance testing: 


(a) Quality Control Testing. The Contractor shall be responsible for Quality Control testing on elements as listed 
in Table 106-1. Quality Control sampling and testing shall be performed at the expense of the Contractor. 
The Contractor shall develop a quality control plan (QCP) in accordance with the following: 


1. Quality Control Plan. For each element listed in Table 106-1, the QCP must provide adequate details for 
assurance of process control. The Contractor shall submit the QCP to the Engineer at the preconstruction 
conference. The Contractor shall not start any work on the project until the Engineer has approved the 
QCP in writing. 


A. Frequency of Tests or Measurements. The QCP shall include a schedule showing the locations of 
samples based on a random stratified sampling frequency, which shall not be less than that shown in 
Table 106-1. 


B. Test Result Chart. Each quality control test result, the appropriate tonnage and the tolerance limits 
shall be plotted. For in-place density tests, only results after final compaction shall be shown. The 
chart shall be posted daily at a location convenient for viewing by the Engineer. 


C. Quality Level Chart. The Quality Level (QL) for each quality control element in Table 106-1 and 
each required sieve size shall be plotted. The QL will be calculated in accordance with the 
procedure in CP 71 for Determining Quality Level (QL). The QL will be calculated on tests 1 
through 3, then tests 1 through 4, then tests 1 through 5, then thereafter the last five consecutive test 
results. The tonnage of material represented by the last test result shall correspond to the QL. For 
in-place density tests, only results after final compaction shall be shown. The chart shall be posted 
daily at a location convenient for viewing by the Engineer. 


D. F-test and t-test Charts. The results of F-test and paired sample t-test analysis between the 
Department’s verification tests and the Contractors verification tests shall be shown on charts. 
Another chart shall show the results of F-test and t-test analysis assuming equal variances between 
the Contractor’s verification tests and the Contractor’s quality control tests. Each element in Table 
106-1 and each required sieve size shall be plotted. The F-test and t-test will be calculated in 
accordance standard statistical procedures. The F-test and t-test will be calculated on tests 1 
through 5, then thereafter the last five consecutive test results. The tonnage of material represented 
by the last test result shall correspond to the F-test and t-test. A warning value of 5% and an alert 
value of 1% shall be shown on each chart. For in-place density tests, only results after final 
compaction shall be shown. The chart shall be posted daily at a location convenient for viewing by 
the Engineer. 


2. Point of Sampling. The material for verification and quality control testing shall be sampled by the 
Contractor using approved procedures as designated in Section 403. Acceptable procedures are Colorado 
Procedures. The location where material samples will be taken shall be indicated in the QCP. Both the 
Contractor’s verification tests and the Department’s verification tests shall be sampled together at the 
same location and time. The Engineer shall perform the splitting of samples for verification tests. 
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3. Testing Standards. The QCP shall indicate which testing standards will be followed. Acceptable 
standards are Colorado Procedures. 


4. Testing Supervisor Qualifications. The person responsible for the Quality Control testing shall be 
identified in the QCP. This person must possess one or more of the following qualifications: 


A. Registration as a Professional Engineer in the State of Colorado. 


B. Level A, B, and C certifications from the Laboratory Certification for Asphalt Technicians 
(LabCAT). 


6. Technician Qualifications. Technicians taking samples and performing tests must possess the following 
qualifications: 


A. Technicians taking samples and conducting compaction tests must have Level II A certification from 
the LabCAT. 


B. Technicians conducting tests of asphalt content and gradation tests must have Level II B certification 
from the LabCAT. 


C. Technicians determining asphalt mixture volumetrics and strength characteristics must have Level II 
C certification from the LABCAT. 


7. Testing Equipment. Equipment to be used for conducting the Contractor’s verification and quality 
control tests shall be verified in the laboratory intended for use on the project. Equipment verification is 
intended to identify whether actual apparatus used meets the requirements of this section before testing 
begins. The Contractor’s equipment verification will be conducted by the Colorado Asphalt Paving 
Association (CAPA). The Contractor shall arrange for verification of the laboratory with enough 
advance notice so that construction is not delayed. The person responsible for quality control testing and 
the technicians who will be taking samples and conducting quality control tests are required to attend the 
verification. The Department’s Independent Assurance Tester should also attend. The laboratory shall be 
assembled and operating as though actual testing were underway when the verification process occurs. 
Items to be verified are listed on the LabCAT Laboratory Inspection Form. The verification shall be 
documented on the LabCAT Laboratory Inspection Form and a copy will be provided for the Contractor 
and the Engineer. All costs for conducting a verification of equipment and laboratory shall be at the 
Contractor’s expense and shall not exceed $450 per trip. Equipment and Laboratory verification will be 
valid for more than one project if the laboratory does not relocate and the equipment has not been idie for 
more than 30 days. All of the testing equipment used to conduct quality control testing shall conform to 
the standards specified in the test procedures and be in good working order. Calibration of the 
Contractor’s nuclear testing devices used for testing of in-place density is a responsibility of the 
Contractor and shall! not be conducted on the Department's calibration blocks. 


8. Reporting and Record Keeping. The Contractor shall report the results of the tests to the Engineer in 
writing at least once per day. The Contractor shall make provisions such that the Engineer can inspect 
quality control work in progress, including sampling, testing, plants, documentation and the Contractor's 
testing facilities at any time. The engineer will provide results of the Department’s verification tests 
within on working day. 
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(b) Verification Testing. Verification testing is the responsibility of the Contractor and the Department according 


(c) 


(d) 


to Table 106-1. The Department will determine the locations where samples or measurements are to be taken 
and as designated in Section 403. The maximum quantity of material represented by each test result and the 
minimum number of test results shall be in accordance with Table 106-1. The location or time of sampling 
shall be based on a stratified random procedure. Verification sampling and testing procedures will be in 
accordance with the Schedule for Minimum Materials Sampling, Testing and Inspection in the Department's 
Field Materials Manual. Samples for verification and acceptance testing shall be taken by the Contractor in 
accordance with the designated method. The samples shall be taken in the presence of the Engineer. Splitting 
of verification samples will be performed by the Engineer. 


All materials being used are subject to inspection and testing at any time prior to, during, or after 
incorporation into work. All test results shall be reported directly to the Engineer without prior exchange of 
information between persons performing the tests. During production, results from split samples of the 
verification tests will be compared using the paired sample t-test and F-test statistical methods on the five most 
recent test results. As another test result becomes available, another analysis shall be performed. If an 
analysis results in a value between 5% and 1%, then a warming exists and the persons performing the tests 
shall meet to discuss reasons for the warning and solutions to the discrepancy. If an analysis results in a value 
of 1% or less, then an alert exists and condition red exists. The Engineer will meet with the Contractor to 
discuss reasons for the alert and recommend actions to be taken. 


An analysis of test results will be performed after all test results are known using the t-test and F-test 
statistical methods. The Contractor’s test results will be accepted for pay if the required comparisons of data 
sets exceed 0.5%. The required comparisons of data shal] be: 


1. The Department’s verification test results and the Contractor’s verification test results will be compared 
using a paired sample t-test and F-test. 


2. The Contractor’ verification test results and the Contractor’s quality control test results shall be 
compared using a t-test assuming equal variances and F-test. 


If any of the above t-test and F-test analysis show that there is not more than 0.5% probability that the 
data sets match, then the Department’s test data shall be used for determining Quality Levels and Pay 
Factors according to the methods in this Section. 


Testing Schedule. Quality Control, Verification and Independent Assurance testing frequencies shall be in 
accordance with Table 106-1. 


Reference Conditions. Three reference conditions can exist determined by the Moving Quality Level (MQL). 
The MQL will be calculated in accordance with the procedure in CP 71 for Determining Quality Level (QL). 
The MQL will be calculated using the Contractor’s verification and quality control tests of asphalt content, 
gradation and in-place density. The MQL will be calculated on tests 1 through 3, then tests 1 through 4, then 
tests 1 through 5, then thereafter on the last five consecutive test results. The MQL will not be used to 
determine pay factors. The three reference conditions and actions that will be taken are described as follows: 


1. Condition green will exist for an element when an MQL of 90 or greater is reached, or maintained, and 
the past five consecutive test results are within the specification limits. 


May 5, 1997 8 


REVISION OF SECTIONS 105 AND 106 
VOIDS ACCEPTANCE & QUALITY OF HOT BITUMINOUS PAVEMENT 


Condition yellow will exist for all elements at the beginning of production or when a new process is 
established because of changes in materials or the job-mix formula, following an extended suspension of 
work, or when the MQL is less than 90 and equal to or greater than 65. Once an element is at condition 
green, if the MQL falls below 90 or a test result falls outside the specification limits, the condition will 
revert to yellow or red as appropriate. 


Condition red will exist for any element when the MQL is less than 65 or as described in subsection (b). 
The Engineer shall be notified immediately in writing and the Quality Control sampling and testing 
frequency increased to a minimum rate of 1/250 tons for that element. The Quality Control sampling and 
testing frequency shall remain at 1/250 tons until the MQL reaches or exceeds 78. If the MQL for the 
next five Quality Control tests is below 65, production will be suspended. After condition red exists, a 
new MQL will be started. 


Production will remain suspended until the source of the problem is identified and corrected. Each time 
production is suspended, corrective actions shall be proposed in wnting by the Contractor and approved 
in writing by the Engineer before production may resume. 


Upon resuming production, the quality control sampling and testing frequency for the elements causing 
the condition red shall remain at 1/250 tons. If the QL for the next five process control tests is below 65, 


production will be suspended again. 


(e) Resolution of Disputes. The following procedure will be used to resolve disputes when F-test and t-test 
analysis show that the Contractor's verification test results and CDOT’s verification test results are not from 
the same population: 


1. 


The Engineer will quarter each verification sample into four equal parts. The Engineer will retain two 
parts, the Contractor shall take one part and the fourth part will be wasted. The Contractor will test one 
sample. The Engineer will test one part and mark the other part with the verification test number and 
store in a safe place. 


At any time during production, if there is a dispute concerning test results of an element, an analysis of 
the accumulated verification tests shall be performed. The analysis shall be a comparison of results from 
split samples of the verification tests using the paired sample t-test and F-test statistical methods on all 
verification tests that have been performed. If the analysis results in a value less than 5%,then a 
minimum of three samples from the splitting of verification samples that have been stored will be tested 
by an independent lab chosen by the Engineer. The lab performing independent assurance tests may be 
selected as the independent lab. 


The Department’s Region Materials Engineer (RME) will review the analysis. If the RME determines 
that one lab’s test results are closer to the independent lab results than the other, then the results of that 
lab will be used for pay factor calculations up to that point. Ifthe RME can not determine that either lab 
is closer to the independent lab results, then another group of samples from the splitting of verification 
samples that have been stored will be tested by the independent lab. If this second analysis is 
inconclusive, then the Departments’s verification test results will be used for pay factor calculations up to 
that point. 
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TABLE 106-1 


SCHEDULE FOR MINIMUM SAMPLING AND TESTING 


CONTRACTOR 
QUALITY CONTROL 


1/500 tons (first 2,500 tons, tests 1 to 5, splits 
to be tested by CDOT and Contractor). Then 
1/500-ton substrata (8/4000-ton strata, 7 
substrata samples independent of CDOT plus 
one substrata sample provided from a split of 
CDOT sample). 


1/500 tons (first 2,500 tons, tests 1 to 5, at 
same spot and time by CDOT & Contractor). 
Then 1/500-ton substrata (2/1000 ton strata, 1 
test independent of CDOT plus one substrata 


test taken at same spot & time as CDOT) 


1/500 tons (first 2,500 tons, tests 1 to 5, splits 
to be tested by CDOT and Contractor). Then 
1/1000-ton substrata (4/4000 ton strata, 3 
substrata samples independent of CDOT plus 
one substrata sample provided from a split of 
CDOT sample). 


1/500 tons (first 2,500 tons, tests 1 to 5, splits 
to be tested by CDOT and Contractor). Then 
1/1000-ton substrata (4/4000 ton strata, 3 
substrata samples independent of CDOT plus 
one substrata sample provided from a split of 
CDOT sample). 


of verification tests will be 10. é : ; 

(2) The minimum number of HBP compaction tests are those made after compaction has been completed and will 

be in addition to those made in Compaction Test Sections. The acceptance test result for each Compaction Test 
by the Contractor’s quality control tests in 


Section will be an average of the in-place density test results obtain 


that Compaction Test Section. 
(3) When erage ie ob mix formula changes are made (CDOT form 43) acceptance of the elements, except for 
¢ 


in-place density, wil 


VERIFICATION 
TESTS 


1/500 tons, first 2,500 
tons. Then 1/4000-ton 
strata, split of each to 
be tested by CDOT and 
Contractor. 


1/500 ton, first 2,500 
tons. Then 1/1000-ton 
strata, each CDOT test 
to be tested by 
Contractor at same spot 
and time. 


1/500 tons, first 2,500 
tons. Then 1/4000-ton 
strata, split of each to 
be tested by CDOT and 
Contractor. 


1/500 tons, first 2,500 
tons. Then 1/4000-ton 
strata, split of each to 
be tested by CDOT and 
Contractor. 


ased on the actual number of samples that have been selected up to 


number is below the minimum listed in Note (1). Beginning with the new job mix formula, the 


INDEPENDENT 
ASSURANCE 
TESTS 


1/12,000 tons, 
By Region 
Materials Unit 


1/12,000 tons, 
By Region 
Materials Unit 


1/12,000 tons, 
By Region 
Materials Unit 


1/12,000 tons, 
By Staff 
Materials Branch 


(1) For each process, the minimum number of verification tests (not including first 2,500 tons) will be at least 5 
or asphalt content, gradation, air voids and voids in mineral aggregate. For in-place density the minimum number 


that time, even if the 


it 
represents shall be estimated. A revised schedule of quality control and verification tests will be based on that 


e€ te. 


